Hypertension and dyslipidemia are major risk factors for cardiovascular disease (CVD). Common treatments for high blood pressure (BP) and dyslipidemia include medications, but there is question as to whether natural sources may be adequate to reduce CVD risk factors. We examined the effects of tart cherry juice on lipid profiles, BP, glucose, insulin, and homeostatic model assessment-insulin resistance (HOMA-IR) in older adults. In this randomized-controlled clinical trial, 17 men and 20 women between the ages of 65-80 years were randomly assigned to consume 480 ml of tart cherry juice or control drink daily for 12 weeks. Control beverages were matched for energy and sugar content. Outcome variables were assessed at baseline and after 12 weeks of tart cherry juice or control drink. Systolic BP and lowdensity lipoprotein cholesterol (LDL) exhibited treatment × time interaction effects. At the end of the study, participants in the tart cherry group had lower levels of LDL cholesterol (difference of −20.6 with P = 0.001) and total cholesterol (difference of −19.11 with P = 0.01), and higher levels of glucose (difference of 7.94 with P = 0.001), triglycerides (difference of 6.66 with P = 0.01) and BMI (difference of 1.06 with P = 0.02) than in the control group. Neither tart cherry juice nor control significantly altered body weight, high-density lipoprotein cholesterol, diastolic BP, insulin and HOMA-IR. Our findings show that tart cherry juice can lower the levels of systolic BP and LDL cholesterol. However, larger and longer follow-up studies are needed to further assess cardio-protective effects of tart cherry juice.
Introduction
Cardiovascular disease (CVD) continues to be the leading cause of death in the United States. It was estimated that 80% of Americans who died of CVD were age 65 or older. 1 Since the number of adults at or above the age of 65 is rapidly increasing and projected to exceed 82 million by the year 2040, CVD can be considered a major health threat. 2 In addition, the total cost of all types of CVD in 2015 was 656 billion dollars and this figure is expected to nearly double, reaching 1208 billion by the year 2030. 1 Common treatments for high BP and dyslipidemia include angiotensin-converting enzyme inhibitors, betablockers, calcium antagonists, diuretics, and cholesterol-lowering drugs. Administration of antihypertensive agents for a few years to individuals with high blood pressure (BP) can delay transition to hypertension, but long lasting effects of the intervention and cost-effectiveness remain to be proven. 3 While these medications have been shown to be effective in the treatment and prevention of CVD, taking these medications regularly may cause negative side effects. Possible side effects include a dry cough, dizziness, bradycardia, peripheral edema and insomnia. These side effects paired with the fact that 84% of adults over the age of 57 are already taking at least one prescription medication per day, warrant the need for a natural remedy for the problem of CVD. 4 Consumption of a healthful diet high in fruit and vegetables has been associated with a decreased prevalence of CVD. 5, 6 In addition, consumption of fruits containing various vitamins and polyphenolic compounds may also decrease CVD risk factors. [7] [8] [9] Tart cherries are high in polyphenolic compounds that have antioxidant and anti-inflammatory properties. [10] [11] [12] [13] [14] Health benefits associated with the consumption of tart cherries may include decreased muscle damage following strenuous exercise, improved sleep and circulating melatonin concentrations. [15] [16] [17] [18] There is also emerging evidence that tart cherries exert cardioprotective effects in animal models. 19, 20 So far there is little evidence on humans. 21, 22 Based on the results of previous studies, tart cherries and their bioactive components have been shown to improve cardiovascular performance. [19] [20] [21] [22] Despite this evidence, the ability of tart cherries to impact cardiovascular risk factors has not yet been investigated in older adults. Therefore, the present study was conducted to assess the ability of tart cherry juice consumption to reduce CVD risk factors by assessing lipid profiles, BP, glucose, insulin and homeostatic model assessment-insulin resistance (HOMA-IR) in older adults.
Methods

Study design and participants
The present study was a 12-week, parallel, randomized controlled trial conducted at the University of Delaware in the United States. Men and women of diverse race and ethnicities who live in Newark, Delaware and the surrounding areas were recruited. Recruiting materials were placed in the local community, including senior living facilities, event halls, churches, and public bulletin boards. Advertisements were also placed in the Delaware News Journal. A total of 284 men and women were screened for eligibility. Following the initial phone screening, 129 potential participants were invited to the study site to complete a screening visit. A medical history, medication/supplement use, food allergies, and typical food intake were obtained from participants for screening purposes. Inclusion criteria included men and women between the ages of 65-80 years who consumed ≤5 servings of fruits and vegetables per day. Individuals receiving treatment with any medications that may influence brain function or have had any prior diagnosis or history of stroke, heart disease, diabetes, gastrointestinal disease, cancer, central nervous system or psychiatric disorders, traumatic brain injury, or impaired cognitive function were excluded. Additionally, heavy smokers (>20 cigarettes per day) or individuals allergic to tart cherry were excluded from this study. Based on inclusion and exclusion criteria, a total of 37 participants were enrolled in the study and randomized to intervention. Eligible men and women were randomly assigned to consume either 480 ml tart cherry juice or control drink daily for 12 weeks by a researcher using a simple randomization and a pre-generated randomization list generated by a computer program. Participants were blinded to which group they were in until the study was closed. Researchers and personnel, including the biostatistician, were blinded to the groups when measuring BP and anthropometrics, running the assays, and analyzing the data. This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the Institutional Review Board at the University of Delaware. All participants provided written informed consent before participating in the study. The trial was registered at clinicaltrials.gov as NCT02922920.
Intervention
A commercially available Montmorency tart cherry concentrate (King Orchards, MI) was used in this study. The nutrient compositions of the tart cherry concentrate are presented in Table 1 . The control drink was isocaloric, devoid of tart cherry or its polyphenols, with similar color, sugar content, acid, and flavor as the tart cherry juice (Table 1) . To prepare 480 ml tart cherry juice, 68 ml Montmorency tart cherry juice concentrate (approximately 514 g of whole tart cherries) was diluted with 412 ml water. Control drink was prepared by mixing unsweetened black cherry flavored Kool-Aid (Kraft Foods, United States) with water. Dextrose and fructose were added to match the carbohydrate content found in tart cherry. Additional food dye and lemon flavored powder were added to match the color and tartness of the tart cherry juice. All beverages were prepared specifically according to the instructions and properly stored in freezer/refrigerator until consumption. Participants were given their assigned beverage and instructions regarding consumption and storage. Participants were instructed to consume 480 ml of the beverage per day, 240 ml in the morning and 240 ml in the evening for the entirety of the 12-week intervention. Participants were asked to pick up their fresh supplements on a monthly basis. In addition, participants were given customized calendars and were asked to mark the days they missed consuming the study regimen and to return any unused portion for compliance monitoring purposes.
Blood pressure and anthropometric measurements
Resting BP and anthropometric measurements were collected at baseline and after the 12-week dietary intervention. A digital BP monitor (HEM-907XL, Omron Healthcare, Inc.) was used for measuring BP. Two measurements were taken after participants sat in a quiet room with their feet placed on the ground for five minutes. Results were recorded as the average of the two measurements. A stadiometer was used to measure height to the nearest 0.1 cm. Participants stood barefoot with their backs against the wall and their heads in the Frankfort hori- 
Serum lipid profile, and glucose assessments
Fasting venous blood for plasma and serum was collected after an overnight fast at baseline and after the 12-week intervention. Serum and plasma were separated by centrifuging at 1500g for 15 minutes at 4°C using a Beckman Allegra 6KR centrifuge (Beckman Coulter, Inc.). Samples were then aliquoted and stored at −80°C until analyses. Serum was analyzed for total cholesterol (TC; inter-assay CV: 1.1%; intra-assay CV: 0.8%), high-density lipoprotein cholesterol (HDL; inter-assay CV: 4.7%; intra-assay CV: 5.1%), triglyceride (TG; inter-assay CV: 1.90%; intra-assay CV: 1.82%) and glucose in duplicate at baseline and after 12-week intervention using a Genesys spectrophotometer (Thermo Scientific, Waltham, MA). All reagents and standards were from Pointe Scientific, Inc. After determining serum TC, HDL, and TG levels, serum low-density lipoprotein cholesterol (LDL) level was calculated using the Friedewald equation. 23 Serum insulin were measured using ELISA kit from EMD Millipore Corporation (inter-assay CV: 6.6%; intra-assay CV: 1.8%; Saint Charles, MO, USA). HOMA-IR was calculated as fasting glucose (mg dL −1 ) multiplied by fasting insulin (μU mL −1 ) divided by 405.
Dietary and physical activity assessments
Study participants were asked to maintain their normal dietary habit and physical activity throughout the study. To monitor dietary intake and physical activity, a 3-day food record (two weekdays and one weekend day) and the Physical Activity Scale for the Elderly questionnaire (PASE) 24 were assessed at baseline and 12-week dietary intervention. Collected food records were analyzed using Nutrition Data System for Research software (NDSR, Minneapolis, MN).
Statistical analyses
All analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, NC). Descriptive statistics were used to describe all data. Variables were summarized using means and standard deviations for continuous data, and percentages and frequencies for categorical data. Comparisons for baseline sociodemographic characteristics, including sex and age, were performed. The Wilcoxon rank sum test was used to compare continuous variables between two groups, including the mean changes in outcome variables during the intervention period, and contingency table analysis (chi-square) was used to compare categorical variables. In comparisons, differences with P < 0.05 were considered significant. The mean change from baseline to the end of the intervention was computed in each of the two groups. The effect of tart cherry juice on final outcome variables was performed via ANCOVA analysis, with adjustment for physical activity and dietary cholesterol, which showed significant baseline differences between tart cherry and control group. The final adjusted outcome variables based on the ANCOVA were compared, and utilized to examine the impact of treatment, time, and the interaction of treatment and time via mixed ANOVA. Significant P values from the mixed ANOVA were reported for treatment effect, time effect, and interaction of treatment and time.
Results
Attrition rate and compliance
A flow chart of participants is presented in Fig. 1 . Of the 37 persons who participated in this 12-week, randomized controlled trial, 34 participants (94.2% compliance) successfully completed. Reasons for withdrawal included noncompliance with the study protocol, loss of interest, and an unrelated medical condition. Tart cherry juice and control drink were well tolerated by the participants. No adverse events were reported in the study.
Baseline characteristics, anthropometric measurements, dietary intake and physical activity
Participant characteristics and demographic characteristics of participants are presented in Table 2 . There were no significant differences between these characteristics except for income and employment status. Mean (±standard deviation) age was 69.5 ± 3.9 and 70.0 ± 3.7 years, in the control and tart cherry groups, respectively. The mean BMI indicated overweight status. The majority of the participants had at least a 4-year college degree and were White and married. In the tart cherry group, half of the participants were working while half were retired; in the control group, the majority of participants were retired. The baseline mean physical activity score was higher and the baseline mean dietary cholesterol was significantly lower in the tart cherry group than in the control group, respectively. As a result, centered baseline physical activity score and dietary cholesterol and the terms of their interaction with the intervention variable were included in the ANCOVA model. The results showed that the final BMIs were significantly different between the two groups (28.6 in tart cherry vs. 27.5 in control group; mean difference of 1.06; 95% CI: 0.18 to 1.94; P = 0.02), but without significant impacts of time, treatment, and interaction of time and treatment (Table 3) . Similar results were shown for the total fiber intake ( Table 4) . By the end of the study, the final dietary fiber intake was significantly lower in the tart cherry group compared with the control group (16.5 g in tart cherry vs. 20.0 g in control group; mean difference of −3.50; 95% CI: −6.49 to −0.52; P = 0.03).
The within group analysis showed that physical activity level significantly decreased in the tart cherry group (P < 0.0001) and control group (P < 0.0001). The final physical activity levels were significantly higher in the tart cherry group compared with the control group (mean difference of 64.4; 95% CI: 23.7 to 105.0; P = 0.01). The main effect of time (P = 0.0003) and treatment (P = 0.02) were found, but there was no significant interaction by treatment and time (P = 0.23). Dietary cholesterol significantly increased in the tart cherry group (P < 0.001) and control group (P = 0.04). The final dietary cholesterol was significantly lower in the tart cherry group compared with the control group (mean difference of −39.5; 95% CI: −73.48 to −5.53; P = 0.03). The main effect of time (P = 0.02) and treatment (P = 0.0003) were also found, but there was no significant interaction by treatment and time (P = 0.73).
Systolic and diastolic blood pressures
Baseline levels of systolic and diastolic BP were not statistically different between tart cherry and control groups (Table 3) . There was a significant interaction between treatment and time (P = 0.04) for systolic BP. In the baseline, participants in the tart cherry group (141.4 mmHg) had higher systolic BP than the control group (133.4 mmHg). After the 12 weeks intervention, participants in the tart cherry group had lower systolic BP than the control group, indicating the impact of tart cherry (changes of −4.1 mmHg in tart cherry vs. changes of +5.4 mmHg in control, P = 0.04). Diastolic BP remained relatively unchanged in both groups. There were no treatment, time, or treatment × time interaction effects observed for diastolic BP.
Lipid profiles
Baseline levels of TC, HDL, LDL, and TG were not statistically different between tart cherry and control groups (Table 3) . There was a significant interaction between treatment and time (P = 0.02) for LDL. After the 12 weeks intervention, participants in the tart cherry group had lower LDL than the control group. The difference was significant (difference of −20.6; 95% CI: −30.67 to −10.6; P = 0.001).
There were no treatment, time, or treatment × time interaction effects observed for TC, HDL, and TG. Of note, the final TC was significantly different between two groups (153.8 mg dL −1 in tart cherry vs. 172.9 mg dL −1 in control group; mean difference of −19.11; 95% CI: −30.00 to −8.21; P = 0.01). Similarly, the final TG between two groups was significantly different (mean difference of 6.66; 95% CI: 2.07 to 11.27; P = 0.01).
Glucose, insulin and HOMA-IR
Baseline levels of glucose, insulin and HOMA-IR were not statistically different between tart cherry and control groups (Table 3 ). There were no treatment, time, or treatment × time interaction effects observed for insulin and HOMA-IR. Twelve weeks supplementation with tart cherry juice or control drink did not affect levels of insulin and HOMA-IR. The final glucose levels in the tart cherry group were significantly higher than in the control group (mean difference of 7.94; 95% CI: 3.50 to 12.38; P = 0.001).
Discussion
There are a number of studies demonstrating that diets high in fruit and vegetables improve overall cardiovascular health. [5] [6] [7] [8] [9] Our findings indicate that there was a significant impact of tart cherry juice on systolic BP. After the 12 weeks intervention, participants in the tart cherry group had lower systolic BP than the control group, with a decrease in systolic BP in the tart cherry group and an increase in systolic BP in the control group. Previous studies have found similar effects on BP by consuming tart cherry concentrate, but they employed different study designs, populations, and dosages of label trial where healthy participants between the ages of 30-50 consumed 30 ml of a Montmorency tart cherry concentrate or a control beverage. They found that six weeks consumption of 30 ml tart cherry concentrate daily had no effects on arterial stiffness and BP. It should be noted that this intervention trial was only 6 weeks and there may need to be a longer intervention period and a higher dose of tart cherry concentrate to notice significant changes especially in arterial stiffness. Tart cherries are a rich source of polyphenolic compounds, especially proanthocyanins, anthocyanins, and flavonols, all of which are strong antioxidants. 10 Tart cherries are a particularly rich source of anthocyanins, specifically cyanidin-3-glucosylrutinoside, cyanidin-3-rutinoside, cyanindin-3-glucoside, and their agylcone, cyaniding. 26, 27 It has been proposed that the mechanism behind tart cherry's health benefits is related to the bioactive compounds present in tart cherries, including various polyphenolic compounds that act as antioxidants. Thus, it can be reasoned that the reduction in systolic BP seen in our present study was due in part to the presence of polyphenolic compounds in the tart cherry juice. Diebolt et al.
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reported a significant reduction in systolic BP following a short-term oral administration of polyphenolic compounds in rats. Changes in BP could be related to observed changes in vascular reactivity of the thoracic aorta leading to enhanced endothelium relaxation and an induction of gene expression (of inducible NO synthase and cyclooxygenase-2), therefore leading to reduced BP. Another study showed that systolic and diastolic BPs were significantly reduced in adults following eight weeks consumption of drinks containing approximately 33 demonstrated that 90 minutes after ingestion of 100 g beetroot juice, systolic and diastolic BPs began to decrease. The peak reductions in systolic and diastolic BPs, occurring at 2-3 hours, were 13.1 mmHg and 16.6 mmHg, respectively. Beetroot juice contains high amounts of betalains and inorganic nitrate. Following consumption of the beetroot juice, urinary nitric oxide, a potent vasodilator, was significantly increased resulting in a reduction in systolic and diastolic BPs. Johnson et al. 8 also demonstrated that 8 weeks consumption of drinks containing 22 g freezedried blueberry significantly decreased systolic and diastolic BPs by 5.1% and 6.3%, respectively, in postmenopausal women. The authors concluded that the reduction of BP may be due, in part, to increased nitric oxide production. Blueberries, similarly to tart cherries, have a high anthocyanin content and this may have played a role in the hypotensive effects noted following blueberry supplementation. Another component of tart cherry that may influence its effects on BP is its potassium content. Adequate dietary potassium is important for BP and heart health. Various studies have shown that across a wide range of baseline intakes (ranging from less than 50 to greater than 80 mmol), increasing potassium intake provides beneficial in reducing systolic BP by 3.39-4.11 mmHg. [34] [35] [36] A population study conducted by Khaw et al. 37 also suggested that an increase in potassium by 20-30 mmol per day (∼700-1200 mg per day), which resulted in a 2 to 3 mmHg reduction in systolic BP. A meta-analysis that included 33 studies concluded that potassium supplementation significantly reduced systolic BP by 3.11 mmHg and diastolic BP by 1.97 mmHg. 34 A diet rich in potassium such as the Dietary Approaches to Stop Hypertension diet has been shown to be effective in reducing systolic and diastolic BP by 11.4 and 5.5 mmHg, respectively, in hypertensive individuals. 38 Another meta-analysis found that an increased potassium intake of 90-120 mmol day −1 resulted in a reduction in systolic and diastolic BP of 7.16 mmHg and 4.01 mmHg, respectively. 39 The estimated potassium content of the tart cherry supplement provided in this study was approximately 355 mg. It is unlikely that the tart cherry concentrate used in the present study provided potassium in high enough quantities to elicit significant improvement in BP. Tart cherries contain various vitamins, minerals and polyphenolic compounds. The exact nutrients and/or components contributing to the BP-lowering effects of tart cherry are unknown. However, many of these compounds are known to exert cardioprotective effects and therefore likely work additively and/or synergistically. Our finding provides the evidence that tart cherry juice consumption was able to reduce systolic BP by 4.1 mmHg, from 141.4 mmHg to 137.3 mmHg in older adults. This reduction of systolic BP is quite promising. As reported in Values are means ± standard deviation (SD). PASE -physical activity scale for the elderly. a Values are adjusted for baseline physical activity and dietary cholesterol, assessed by ANCOVA. †P < 0.05 for within-group differences in comparison with baseline. §P < 0.001 for within-group differences in comparison with baseline. ‡P < 0.0001 for within-group differences in comparison with baseline.
the Framingham Heart study, individuals with BP ≥ 140/90 were 1.5 times more likely to have CVD and 1.6 times more likely to die from CVD complications when compared to individuals with BP < 140/90 mmHg. 40 In addition, another study demonstrated that a 2 mmHg reduction in BP can reduce stroke mortality by 6% and coronary heart disease mortality by 4%. 41 Therefore, this shift of BP in our study is important in improving overall cardiovascular health, which in turn improves longevity and quality of life. Tart cherry concentrate is relatively high in natural sugar compared to many other fruits. With respect to the influence of tart cherry on lipid profiles, glucose and insulin sensitivity, our study has demonstrated that there was a significant impact of tart cherry juice on LDL cholesterol. Evidence suggests that increased levels of LDL cholesterol is associated with increased risks of CVD events and atherosclerosis. 42, 43 After the 12 weeks intervention, participants in the tart cherry group had lower LDL than the control group, with a decrease in LDL in the tart cherry group and an increase in LDL in the control group. Twelve weeks supplementation with tart cherry juice did not affect the levels of insulin and HOMA-IR. However, the final glucose levels in tart cherry group were higher in control group. A possible mechanism associated with the reduction in LDL cholesterol following supplementation with tart cherry may due to the ability of tart cherry to bind bile acids. Research has shown that cherries can bind bile acids up to 5%. 44 Another study showed that a cherry extract containing 20 μM per GAE of phenolic compounds completely inhibited LDL oxidation. 45 Both of these studies used sweet cherries. As it has been shown that tart cherries contain higher levels of polyphenolic compounds, it can be expected that tart cherries may lead to similar, if not even more significant results. It is important to note the present study population is generally healthy older adults. The cholesterol-lowering effects of tart cherry juice may be more effective on obese individuals or individuals with dyslipidemia. Our present study also demonstrated that there was a significant impact of control drink on systolic BP and LDL cholesterol. Systolic BP and LDL cholesterol nonsignificantly increased after 12 weeks of control drink consumption when compared with baseline values. The sugar content of the control drink, which contained fructose may, in part, be responsible for the increase in LDL cholesterol and systolic BP. Jameel et al. 46 demonstrated that 30 and 60 minutes after ingestion of 50 g fructose, both LDL and C-reactive protein were elevated in healthy individuals. Brown et al. 47 also demonstrated that 60 minutes after ingestion of 60 g fructose, BP, heart rate, cardiac output, and BP variability all increased, and cardiovagal baroreflex sensitivity decreased, in young adults. In a study by Litterio et al., 48 they found that rat fed chow diet supplemented with 10% (w/v) fructose in the drinking water for 4 weeks evidenced significantly increased systolic BP. The level of systolic BP was further increased after 8 weeks of high fructose diet. A study conducted by Stanhope et al. 49 also suggested that 8 weeks consumption of fructose sweetened beverage at 25% of energy requirements significantly increased dyslipidemia and decreased insulin sensitivity without significantly altering BP and glucose. Our findings suggest that daily incorporation of tart cherry juice or control (∼181 kcal per day) into a diet, without intentional dietary modification during the study, do not significantly affect the total energy intake of older adults. According to NHANES data, adults are consuming approximately 209 kcal per day from sugar-sweetened beverages. 50 Our 3-day food records show that the majority of the participants replaced their average daily sugar-sweetened drink with the tart cherry juice or control drink. In addition, some participants have altered their dietary intake to compensate for the tart cherry juice or control drink. Therefore, there was no overall increase in energy intake and no significant increase in weight.
The strengths of this present study include the randomized controlled trial study design. Participants were blinded to which group they were in and juices were similar in color and taste. In addition, the analysis of possible confounding variables including dietary intake and physical activity were assessed. This study is not without limitations. Study results could be influenced by various factors such as sample size, the duration of the tart cherry supplementation, and the possibility of under or over reporting dietary intake or differences in physical activity at baseline between groups. In the present study, participants were asked to maintain their habitual diet and physical activity levels. However, the physical activity level significantly decreased and dietary cholesterol significantly increased in the tart cherry group and control group, respectively, indicating poor compliance with the instruction. It is important to recognize that physical activity and dietary intake vary between seasons, and the physical activity and three-day food records were able to take that into consideration. All food records were reviewed with participants for completion and accuracy. In order to eliminate the effects of confounding factors including physical activity and dietary cholesterol, the ANCOVA test was used. A total of three participants withdrew from the intervention, therefore reducing the power to detect changes. Finally, the majority of the research sample was White, married and earned ≥$75 000 per year which limits the generalizability of findings.
Conclusion
In conclusion, daily incorporation of tart cherry juice into the diet can lower systolic BP and LDL cholesterol in older adults and could be a plausible intervention for improved cardiovascular health for this population. Our findings warrant further investigation in a larger sample size and longer-term trials.
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